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© A described embodiment of the present inven- 
tion includes an anti-fuse (22) comprising: a first 
conductive layer (14) having a horizontal major sur- 
face and having a substantially vertical sidewall; a 
thick insulating layer (16) formed on the horizontal 
major surface of the first conductive layer; a dielec- 
tric layer (18) formed on the sidewall; and a second 
conductive layer (20) formed on the dielectric layer. 
In an additional embodiment, the first and/or second 
conductive layers comprise polycrystalline silicon 
and a conductive material selected from the group of 
titanium, tungsten, molybdenum, platinum, titanium 
silicide, tungsten silicide, molybdenum silicide, plati- 
num silicide, titanium nitride and combinations there- 
of. 
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Field of the Invention 

The present invention relates to the field of 
integrated circuit technology. More specifically, the 
present invention relates to the field of program- 5 
mable integrated circuit devices. 

Background of the Invention 

In integrated circuit fabrication, it is often desir- w 
able to allow a system whereby a user may cus- 
tomize an integrated circuit to their particular 
needs. Because of the great expense involved in 
designing specific integrated circuits for many spe- 
cific tasks, programmable integrated circuits have 75 
been developed which allow the user to program 
th integrated circuit to their specific needs. An 
merging type of programmable device is field 
programmable gate arrays (FPGAs). These devices 
provide large arrays of fusible type structures 20 
which allow the user to program the functional 
operation of the devices by altering the conductive 
state of these fusible devices. One such fusible 
device is called ah anti-fuse. An anti-fuse operates 
in the opposite of the traditional meaning of the 25 
t rm "fuse". An anti-fuse is programmed by provid- 
ing a voltage above a threshold determined by the 
characteristics of the device which causes a large 
' current to pass through a dielectric layer between 
two conductive layers. After this threshold voltage 30 
has been reached, a conductive connection be- 
tween the two conductive layers is permanently 
established. This is opposite the traditional mean- 
ing of a fuse in that when a high current is passed 
through a traditional fuse, the fuse is burned open 35 
and thus a conductive connection is broken. An 
example of the anti-fuse technology can be found 
in Mohsen, et. al., "Programmable Low Impedance 
Anti-fuse Element", U.S. Patent 4,823,181 issued 
April 18, 1989. This patent is hereby incorporated 40 
by reference. A field programmable gate array 
structure which utilizes anti-fuse elements is de- 
scribed in Gamal et. al., "An Architecture For Elec- 
trically Configurable Gate Arrays", IEEE Journal of 
Solid State Circuits, Vol. 24, No. 2, Pgs. 394-398, 45 
(April 1989). This article is hereby incorporated by 
reference. 

As in all integrated circuits, it is desirable to 
provide a circuit which operates as rapidly as pos- 
sible. Prior art anti-fuse structures provide horizonal so 
areas which are limited by the lithography capabil- 
ities used to fabricate the integrated circuit. These 
devices are in arrays with a very thin dielectric (60- 
200 A as disclos d in the Mohsen, et. al. patent). 
Because these di lectrics must be very thin, a very 55 
high capacitance is provided between the conduc- 
tive leads forming the gate array. In addition, be- 
cause there are many of these devices along a 



particular lead, the resistive/capacitive (RC) time 
constant for a particular lead is very high. This 
creates a v ry large time lag from when a voltage 
is applied to a certain lead until the lead is charged 
up to the desired voltage. Thus it is desirable to 
minimize the capacitive coupling provided by an 
anti-fuse element. In addition, it is desirable to 
minimize the lateral area covered by an anti-fus£ 
structure to allow for greater packing density of 
anti-fuse elements. This allows for shorter conduc- 
tive leads for the same amount of anti-fuse ele- 
ments as compared to the prior art structure^. 
Because the anti-fuse leads are shorter, the resis- 
tance along the length of the lead is minimized and 
the RC constant is further reduced. 

Summary of the Invention 

A described embodiment of the present inven- 
tion includes an anti-fuse comprising: a first con- 
ductive layer having a horizontal major surface and 
having a substantially vertical sidewall; a thick in- 
sulating layer formed on said horizontal major sur- 
face of said first conductive layer; a dielectric layer 
formed on said vertical sidewall; and a second 
conductive layer formed on said dielectric layer. In 
an additional embodiment, said first and/or second 
conductive layers comprise polycrystalline silicon 
and a conductive material selected from the group 
of titanium, tungsten, molybdenum, platinum, 1 
titanium silicide, tungsten silicide, molybdenum sili- 
cide, platinum silicide, titanium nitride and com- 
binations thereof. 

Another embodiment of the present invention 
includes an array of anti-fuses arranged in rows 
and columns, comprising: a first plurality of con- 
ductive layers, each having a horizontal major sur- 
face and each having a substantially vertical 
sidewall; a plurality of thick insulating layers formed 
on said horizontal major surfaces of said first plu- 
rality of conductive layers; a plurality of dielectric 
layers formed on said vertical sidewalls; and a 
second plurality of conductive layers running per- 
pendicular to said first plurality of conducive layers, 
said second plurality of conductive layers extend- 
ing onto said dielectric layer on said sidewalls 
where said second plurality of conductive layers 
intersects said first plurality of conductive layers. In 
another embodiment of the present invention, said 
first and/or second plurality of conductive layers 
comprise polycrystalline silicon and a conductive 
material selected from the group of titanium, tung- 
sten, molybdenum, platinum, titanium silicide, tung- 
sten silicide, molybdenum silicide, platinum silicide, 
titanium nitride and combinations thereof. 

Yet another embodiment of the present inven- 
tion includ s an array of anti-fuses arranged in 
rows and columns, comprising: a first plurality of 
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conductive layers, each' having a horizontal major 
surface; a plurality of conductive extensions ex- 
tending perpendicularly from ach of said first plu- 
rality of conductive lay rs in a plane parallel to said 
horizontal major surfac ach extension having a 
substantially vertical sidewall; a plurality of thick 
insulating layers formed on said horizontal major 
surfaces of said first plurality of conductive layers 
and said plurality of conductive extensions; a plu- 
rality of dielectric layers formed on said vertical 
sidewalls; and a second plurality of conductive 
layers running perpendicular to said first plurality of 
conductive layers, said second plurality of conduc- 
tive layers extending onto said dielectric layer on 
said sidewalls, said sepond plurality of conductive 
layers overlying said extensions. In another em- 
bodiment of the present invention, said first and/or 
second plurality of conductive layers comprise 
polycrystalline silicon and a conductive material 
selected from the group of titanium, tungsten, mo- 
lybdenum, platinum, titanium silicide, tungsten sili- 
cide, molybdenum silicide, platinum silicide, 
titanium nitride and combinations thereof.- 

An additional embodiment of the present inven- 
tion includes a method for forming an anti-fuse 
comprising: forming a first conductive layer having 
a horizontal major surface and having a substan- 
tially vertical sidewall; forming a thick insulating 
layer formed on said horizontal major surface of 
said first conductive layer; forming a dielectric lay- 
er formed on said vertical sidewall; and forming a 
second conductive layer formed on said dielectric 
layer. In an additional embodiment said first and/or 
second conductive layers comprise polycrystalline 
silicon and a conductive material selected from the 
group of titanium, tungsten, molybdenum, platinum, 
titanium silicide, tungsten silicide, molybdenum sili- 
cide, platinum silicide, titanium nitride and com- 
binations thereof. 

Another embodiment of the present invention 
includes a method for forming an array of anti- 
fuses arranged in rows and columns, comprising: 
forming a first plurality of conductive layers, each 
having a horizontal major surface and each having 
a substantially vertical sidewall; forming a plurality 
of thick insulating layers formed on said horizontal 
major surfaces of said first plurality of conductive 
layers; forming a plurality of dielectrics layer 
formed on said vertical sidewalls; and forming a 
second plurality of conductive layers running per- 
pendicular to said first plurality of conducive layers, 
said second plurality of conductive layers extend- 
ing onto said dielectric layer on said sidewalls 
wh re said second plurality of conductive layers 
intersects said first plurality of conductive layers. In 
another embodiment of the present invention, said 
first and/or second conductive layers comprise 
polycrystalline silicon and a conductive material 



selected from the group of titanium, tungsten, mo- 
lybdenum, platinum, titanium silicide, tungsten sili- 
cide, molybdenum silicide, platinum silicjde, 
titanium nitride and combinations thereof. J 
5 An additional embodiment of the present inven- 

tion includes a method for forming an array of anti- 
fuses arranged in rows and columns, comprisjng: 
forming a first plurality of conductive layers, ebch 
having a horizontal major surface; forming a plural- 
io ity of conductive extensions extending perpendicu- 
larly from each of said first plurality of conductive 
layers in a plane parallel to said horizontal major 
surface, each extension having a substantially verti- 
cal sidewall; forming a plurality of thick insulating 

75 layers formed on said horizontal major surfaces of 
said first plurality of conductive layers and said 
plurality of conductive extensions; forming a plural- 
ity of dielectric layers formed on said vertical 
sidewalls; and forming a second plurality of con- 

20 ductive layers running perpendicular to said first 
. plurality of conductive layers, said second plurality 
of conductive layers extending onto said dielectric 
layer on said sidewalls, said second plurality of 
conductive layers overlying said extensions. In an 

25 additional embodiment, said first and/or second 
plurality of conductive layers and said first plurality 
of extensions comprise polycrystalline silicon and a 
conductive material selected from the group of 
titanium, tungsten, molybdenum, platinum, titanium 

30 silicide, tungsten silicide, molybdenum silicide, 
platinum silicide, titanium nitride and combinations 
thereof. In an additional embodiment, said step of 
forming said extensions comprises the steps of: 
forming conductive links between said first plurality 

35 of conductive layers; and etching through said con- 
ductive links. In an additional embodiment, said 
step of etching said conductive links is performed 
by the steps of: forming a masking layer having an 
opening running parallel to said first plurality of 

40 conductive layers positioned between said conduc- 
tive layers; and etching said conductive links using 
said masking layer as an etch mask. 

Description of the Drawing 

45 

Figures 1 through 3 are side view schematic 
diagrams showing the processing steps, which 
comprise one embodiment of the present inven- 
tion, used to fabricate another embodiment of 

so the present invention; 

Figures 4a through 6a and 4b through 6b are 
plan view diagrams with the associated side 
view schematic diagrams showing the process- 
ing steps, which comprise another embodiment 

55 of the pr sent invention, used to fabricate an 
additional embodiment of the present invention. 

Detailed Descripti n 
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Figures 1-3 are a side view schematic dia- 
grams showing the fabrication steps, which com- 
prise one mbodiment of th present invention, 
used to fabricate another embodiment of the 
present invention. Figures 4a-6a are plan view dia- 
grams depicting the processing steps, which com- 
prise another embodiment of the present invention, 
for fabricating yet another embodiment of the 
present invention. Figures 4b-6b are side view dia- 
grams showing cutaway AA of plan view diagrams 
4a-6a. 

As shown in Figure 1, a substrate 10 is initially 
provided. Substrate 10 may be any of a number of 
materials but in this preferred embodiment com- 
prises crystalline silicon, thus allowing the fabrica- 
tion of other devices such as transistors and di- 
odes. Silicon dioxide layer 12 is formed on the 
surface of substrate 10 using thermal oxidation to a 
thickness of approximately 5000 A. Polycrystalline 
silicon layer 14 is formed on the surface of silicon 
dioxide layer 12 using chemical vapor deposition. 
Polycrystalline silicon layer 14 has a thickness of 
between 2000 and 4000 A in this preferred em- 
bodiment. To provide additional conductivity and 
thus reduce the resistance of polycrystalline silicon 
layer 14, additional materials such as titanium, 
tungsten, molybdenum, platinum, titanium silicide, 
tungsten silicide, molybdenum silicide, platinum 
silicide or titanium nitride may be incorporated into 
polycrystalline silicon layer 14 as additional layers 
or incorporated into the material itself. In addition, 
combinations of these materials or other highly 
conductive materials may be incorporated into 
polycrystalline silicon layer 14. The use of poly- 
crystalline silicon in layer 14 is exemplary and 
many other materials will become apparent to 
those skilled in the art in light of this specification 
and are considered within the scope of the present 
invention. 

A thick layer of silicon dioxide layer 16 is then 
formed on the surface of polycrystalline silicon 14. 
Silicon dioxide layer 16 may be formed by chemi- 
cal vapor deposition or thermal oxidation of poly- 
crystalline silicon layer 14. If thermal oxidation is 
used, then an additional thickness of polycrystalline 
silicon layer 14 must be provided to allow for 
consumption of this additional area by the thermal 
oxidation process. In the present embodiment, sili- 
con dioxide layer 16 comprises approximately 2000 
A of silicon dioxide. In additional embodiments, 
silicon dioxide layer 16 may be other insulators or 
compound insulators to provide the function of sili- 
con dioxide layer 16. The thickness of silicon diox- 
ide layer 16 is provided to minimize the capacitive 
coupling between conductiv lay rs to be formed 
on the surface of silicon dioxide layer 16 and 
underlying polycrystalline silicon layer 14. Poly- 
crystalline silicon layer 14 and silicon dioxide layer 



16 are then patterned and etched to provide the 
structure shown in Figure 2. Preferably, this etching 
is accomplished using an anisotropic etching pro- 
cessing using for example, a plasma of hydrofluoric 

s acid to etch silicon dioxide layer 16 and a plasma 
of carbon tetrachloride to etch polycrystalline sili- 
con layer 14. This carbon tetrachloride etch is 
carefully controlled by controlling the flow rates, 
temperature and plasma energy to provide a high 

10 rate of selectivity of polycrystalline silicon over 
silicon dioxide. The precise settings of the etching 
process are highly dependent upon the equipment 
used. This selectivity allows the etch to stop when 
the etch passes through polycrystalline silicon lay- 

75 er 14 to silicon dioxide layer 12. Although it is 
preferable to use a highly selective etch, this step 
is not critical in that silicon dioxide layer 12 is very 
thick and allows for some etching of silicon dioxide 
layer 12. 

20 A dielectric layer 18 is then deposited on the 
surface of the structure of the Figure 2 as shown in 
Figure 3. A layer of silicon nitride is deposited on 
the surface of the structure of Figure 2. This is 
accomplished using chemical vapor deposition in 

25 an atmosphere such as silane and ammonia. The 
silicon silicon nitride layer is then subjected to 
thermal oxidation in a steam ambient to provide an 
oxynitride layer on the surface of the silicon nitride 
layer. The combined effective thickness (i.e. rela- 

30 tive to silicon dioxide) of dielectric layer 18 is 
approximately 65A. 

A polycrystalline silicon layer 20 is then depos- 
ited on the surface of dielectric layer 18. As with 
polycrystalline silicon layer 14, the materials and 

35 structures of polycrystalline silicon layer 20 may be 
modified to provide higher conductivity using the 
materials described with regard to polycrystalline 
silicon layer 14 or with other materials which will 
become obvious to those skilled in the art in light 

40 of this specification. 

The use of the nitride-oxynitride (NO) dielectric 
provides a two-way characteristic for the break- 
down of the anti-fuse provided on the vertical 
sidewall of polycrystalline silicon layer 14, dielectric 

45 layer 18 and polycrystalline silicon layer 20. This 
anti-fuse structure is indicated by the number 22 in 
Figure 3. When a positive potential is provided 
between polycrystalline silicon layer 20 and poly- 
crystalline silicon layer 14 (i.e. a positive voltage of 

50 0 volts is applied to polycrystalline silicon layer 
14), dielectric layer 18 provides a breakdown volt- 
age of approximately 13 1/2 volts. When the posi- 
tive potential is applied to polycrystalline silicon 
layer 14, the breakdown voltage is approximately 

55 10 1/2 volts. 

Because anti-fus 22 is formed on the sidewall 
of polycrystalline silicon layer 14, the interface area 
of anti-fuse 22 is the width of the anti-fuse in the 
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thickness of the page times the thickness of poly- 
crystalline layer 14. (The thickness is diminished 
slightly by the thickness of diel ctri layer 18, but 
di lectric layer 18 is much thinner than polycrystal- 
line silicon layer 14). Because one dimension of 
the anti-fuse interface area is defined by the thick- 
ness of polycrystalline silicon layer 14 rather than 
the minimum feature size allowed by the lithog- 
raphy used to fabricate the integrated circuit, the 
area of anti-fuse 22 is minimised. Because the area 
of anti-fuse 22 is minimised, the capacitive cou- 
pling between polycrystalline silicon layer 20 and 
polycrystalline silicon layer 14 is also minimized. 
Another important advantage is the small surface 
area required for this structure. Because the anti- 
fuse area is determined by the vertical edge of 
polycrystalline silicon layer 14, the area necessary 
for fabricating anti-fuse layer 22 is limited only by 
the alignment tolerance area required for a single 
edge. In prior art anti-fuse structures using a hori- 
zonal structure, the area which needed to be pro- 
vided was the area of the anti-fuse itself plus 
alignment tolerances around the periphery of the 
anti-fuse. Thus, the anti-fuse of the present em- 
bodiment occupies a greatly reduced portion of the 
surface area of an integrated circuit incorporated 
the anti-fuse 22 as compared to that of the prior 
art. 

Figures 4a-6a and 4b-6b are plan view dia- 
grams with the associated schematic side view 
diagrams showing the processing steps of another 
embodiment of the present invention. Substrate 
110 and silicon dioxide layer 112 are fabricated 
using similar processing steps as described with 
regard to substrate 10 and silicon dioxide layer 12, 
respectively, as described earlier. Polycrystalline 
silicon layer 114 is deposited using chemical vapor 
deposition. Polycrystalline layer 114 is then pat- 
terned using masking and anisotropic etching to 
provide the structure shown in Figure 4a. As can 
be seen, polycrystalline silicon layer 114 is pat- 
terned in a ladder type structure. This ladder struc- 
ture allows for the fabrication of a large number of 
anti-fuse structures using relatively simplified pro- 
cessing steps. Thick, silicon dioxide layer 116 is 
formed by chemical vapor deposition on the sur- 
face of silicon dioxide layer 112 and polycrystalline 
silicon layer 114. Silicon dioxide layer 116 is de- 
posited after polycrystalline silicon layer 114 has 
been patterned. Silicon dioxide layer 116 is shown 
in Figure 4b but is omitted from the plan view of 
Figure 4a for clarity. 

An etch mask (not shown) is then formed hav- 
ing a thin horizonal opening perp ndicular to the 
"rungs" of th ladder structure of polycrystalline 
silicon layer 114. This etch mask is used to etch 
opening 117 as shown in Figure 5a. A plasma of 
hydrofluoric acid is used to etch silicon dioxide 



layer 116 and a plasma of carbon tetrachloride is 
used to etch polycrystalline silicon layer 114 down 
to silicon dioxide layer 112. As a part of this 
proc ss the portions of silicon dioxide layer 116 
5 between the rungs of the ladder will be etched 
away. The width of the rungs of the ladder are 
selected so as to allow alignment tolerances for 
opening 117 so that opening 117 will only intersect 
the rungs of the ladder and will not contact the 

io edges, although some overlap may be tolerated. 
The resulting structure is shown in side view in 
Figure 5b. A dielectric layer 118 is then formed 
using the techniques described with regard to di- 
electric layer 18 on the surface of the structure of 

75 Figures 5a and 5b. A layer of polycrystalline silicon 
120 is then deposited and patterned in a series of 
parallel strips overlapping the rungs of the ladder 
as shown in Figure 6a; Although polycrystalline 
silicon is used for layer 120, a number of conduc- 

20 tive materials, particularly refractory metals and 
refractory metal silicides, may be employed. A 
schematic side view of this structure along cutaway 
AA is shown in Figure 6b. Perfect overlap between 
the rungs of the ladder of polycrystalline silicon 

25 layer 114 and the strips of polycrystalline silicon 
layer 120 is not necessary. Therefore, no additional 
alignment tolerance other than the minimum lithog- 
raphy dimension provided as the width of the rungs 
of the ladder is necessary. Thus, a plurality of anti- 

30 fuse elements 122 are fabricated using a highly 
compact array structure and providing a minimum 
of capacitive coupling between the conductive 
leads provided by polycrystalline silicon layer 120 
and polycrystalline silicon layer 114. 

35 Although specific embodiments of the present 
invention are described herein, they are not to be 
considered to be limiting to the scope of the 
present invention. The scope of the present inven- 
tion is limited only by the claims appended hereto 

40 wherein: 

Claims 

1. An anti-fuse comprising: 
45 a first conductive layer having a horizontal 

major surface and having a substantially verti- 
cal sidewall; 

a thick insulating layer formed on said horizon- 
tal major surface of said first conductive layer; 
50 a dielectric layer formed on said vertical 

sidewall; and 

a second conductive lay r form d on said di- 
electric layer. 

55 2. An anti-fuse as in claim 1, wherein said first 
conductive layer comprises polycrystalline sili- 
con. 
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3. An anti-fuse as in claim 1 or claim 2, wherein 
said dielectric layer compris s silicon dioxide. 

4. An anti-fuse as in claim 1 or claim 2, wherein 
said dielectric layer comprises silicon nitride 
and silicon dioxide. 

5. An anti-fuse as in any preceding claim where 
said dielectric layer has an effective thickness 
of 65A or less. 

6. An anti-fuse as claimed in any preceding 
claim, wherein said first conductive layer is 
formed on an insulator layer. 

7. An anti-fuse as claimed in any preceding 
claim, wherein said first conductive layer com- 
prises polycrytalline silicon and a conductive 
material selected from the group of titanium, 
tungsten, molybdenum, platinum,- titanium silh 
cide, tungsten silicide, molybdenum silicide, 
platinum silicide, titanium nitride and combina- 
tions thereof. 

8. An anti-fuse as claimed in any preceding 
claim, wherein said second conductive layer 
comprises polycrystalline silicon and a con- 
ductive material selected from the group of 
titanium, tungsten, molybdenum, platinum, 
titanium silicide, tungsten silicide, molybdenum 
silicide, platimum silicide, titanium nitride and 
combinations thereof. 

9. An array of anti-fuses as claimed in any pre- 
ceding claim. 

10. An array of anti-fuses as claimed in claim 9 
arranged in rows and columns and wherein the 
second conductive layers run perpendicular to 
the first conductive layers, said conductive lay- 
ers extending onto said dielectric layer on 
sidewalls where said second conductive layers 
intersect said first conductive layers. 

11. A method for forming a anti-fuse comprising: 
forming a first conductive layer having a hori- 
zontal major surface and having a substantially 
vertical sidewall; 

forming a thick insulating layer formed on said 
horizontal major surface of said first conductive 
layer; 

forming a dielectric layer formed on said verti- 
cal sidewall; and 

forming a second conductiv layer formed on 
said dielectric layer. 

12. A method as in claim 11, wherein said first 
conductive layer comprises polycrystalline sili- 



con. 

13. A method as in claim 11 or claim 12, wherein 
said dielectric layer comprises silicon^ dioxide). 

5 

14. A method as in claim 11 or claim 12, wherein 
said dielectric layer comprises silicon nitride 
and silicon dioxide. | 

to 15. A method as in any of claims 11 to 14, wherein 
said dielectric layer has an effective thickness 
of 65A or less. 1 j 

16. A method as in any of claims 11 to 15 wherein 
75 said first conductive layer is formed on ap 

insulator. 

17. A method as in any of claims 11 to 16, wherein 
said first conductive layer comprises poly- 

20 crystalline silicon and a conductive material 

selected from the group of titanium, tungsten, 
molybdenum, platinum, titanium silicide, tung- 
sten silicide, molybdenum silicide, platimum 
silicde, titanium nitride and combinations there- 

25 of. 

18. A method as in any of claims 11 to 17, wherein 
said second conductive layer comprises poly- 
crystalline silicon and a conductive material 

30 selected from the group of titanium, tungsten, 1 

molybdenum, platinum, titanium silicide, tung- 
sten silicide, molybdenum silicide, platimum 
silicde, titanium nitride and combinations there- 
of. 

35 

19. A method for forming an array of anti-fuses as 
claimed in any of claims 11 to 18 and arranged 
in rows and columns, comprising: 

forming a first plurality of conductive layers, 
40 each having a horizontal major surface and 

each having a substantially vertical sidewall 
portion; 

forming a plurality of thick insulating layers 
formed on said horizontal major surfaces of 

45 said first plurality of conductive layers; 

forming a plurality of dielectric layers formed 
on said vertical sidewalls; and 
forming a second plurality of conductive layers 
running perpendicular to said first plurality of 

so conductive layers, said second plurality of con- 

ductive layers extending onto said dielectric 
layer on said sidewalls where said second plu- 
rality of conductive layers intersects said first 
plurality of conductiv layers. 

55 

20. A method for forming an array of anti-fuses as 
claimed in claim 19 and further comprising: 
forming a plurality of conductiv extensions 
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extending perpendicular from each of said first 
plurality of conductiv layers in a plane parallel 
to said horizontal major surface, each exten- 
sion having a substantially v rtical sid wall; 
forming said plurality of thick insulating layers . 5 
formed on said horizontal major surfaces of 
said first plurality of conductive layers and said 
plurality of conductive extensions; 
forming said second plurality of conductive 
layers running perpendicular to said first plural- w 
ity of conductive layers, said second plurality 
of conductive layers, said second plurality of 
conductive layers extending onto said dielec- 
tric layer on said sidewalls, said second plural- 
ity of conductive layers overlying said exten- 75 
sions. 



21. A method as in claim 20, wherein said step of 
forming said extensions comprises the steps 
of: " 20 

forming conductive links between said first plu- 
rality of conductive layers; and 
etching trhough said conductive linksi 



22.. A method as in claim 21, wherein said step of 25 
etching said conductive links is performed by 
the steps of: 

forming a masking layer having an opening 
running parallel to said first plurality of conduc- 
tive layers positioned between said conductive 30 
layers; and 

etching said conductive links using said mask- 
ing layer as an etch mask. 

23. An array of anti-fuses as formed by the meth- 35 
od of any of claims 20-22. 

24. An anti-fuse of the array of claim 23. 

40 



45 



50 



55 



7 



EP 0 500 034 A1 




12 



74- 



1 



16 




Fig. 2 



22 



. '20*. 



14. 



12 



10 



Fig. 3 



8 



EP 0 500 034 A1 




9 



EP 0 500 034 A1 




10 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 10 2660 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where 
of relevant passages 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPLICATION Ont. CL5 ) 



D.A 
A 



EP-A-0 250 078 (AC TEL CORPORATION) 



* column 6, line 28 ,- column 9, line 12; figures 
2A.2B * 

A US-A-4 823 181 

EP-A-0 323 078 (ACTEL CORPORATION) 

* column 6, line 24 - column 7, line 18; figures 
2.3.6* 

US-A-4 914 0S5 (K.E.GORDON ET AL. ) 

* abstract * 

* column 5, line 19 - line 56; figures 5A.5B * 



The present search report has hecn drawn up for all claims 



I- 5.7.3. 

II- 15, . 
17-18 



I- 5. 

II- 15 



9.10,19 



H01L23/525 



TECHNICAL FIELDS 
SEARCHED (lot. CLS ) 



H01L 



Ptac. «f tt«t* 

BERLIN 



Date if cueUttMaftto 

16 APRIL 1992 



le mm i. 



s 
8 

S 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 
Y : particularly relevant if combined with 

document of the same category 
A : techncJogJcaJ background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the 
meut, but 



E : earlier patent document, 

after toe filing date 
D : document cited in the 
L : document dted for other reasons 



pit hashed on, or 



a : member of the same patent family, corresponding 



« 
0 




* 



